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Introduction 
The challenge to those seeking to discover ways to en- 

hance growth of meat animals is established by the needs of 
the producer and the demands of consumers. In meat animal 
production, feed grains represent the single largest cost. 
Thus, a producer will adopt a production method or purchase 
a growth improver if it results in improved feed efficiency and 
therefore profits. But, in the United States, where most 
animals are purchased on a liveweight basis, producers are 
unlikely to purchase agents that promise only changes in 
carcass composition. Consumers are concerned about price 
and quality of meat. With respect to the latter, the major issue 
is quantity of fat associated with meat and meat products. 
Diets high in animal fats constitute a health risk and are 
unattractive to growing numbers of consumers who are 
health- and weight-conscious. In addition, deposition of fat 
on meat animals is wasteful and excess fats are trimmed and 
discarded at the processing plant or left uneaten by the 
consumer. 

Against this background, beta-adrenergic agonists are 
particularly attractive as growth improvers. They have the 
potential to improve feed efficiency and carcass fat/lean ratio 
in all meat animals: cattle (Hanrahan et al., 1986); swine 
(Jones et al., 1985); sheep (Baker et al., 1984) and poultry 
(Asato et al., 1984). This contrasts with products currently 
marketed for improving growth, i.e., steroid hormones are 
effective only in ruminant animals and antibiotic growth 
permittants are used only in monogastric animals. Some 
beta-agonists are orally active so “in-feed’’ formulations are 
possible. In addition, many beta-agonists are extremely po- 
tent and chemically stable, making successful development 
of implants for cattle, sheep and swine likely. This contrasts 
with the very difficult problem of formulating peptide hor- 
mones for the growth promotion market. 
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Background 
Adrenergic Receptors - 
Subclassification and Function 

Beta-agonists are chemical analogs of the naturally occur- 
ring catecholamines, epinephrine and nor-epinephrine (Fig- 
ure 1 ). Isoproterenol, the N-isopropyl analog of epinephrine, 
is an example. Medicinal chemists have produced thousands 
of analogs, some of which have found utility in human and 
veterinary medicine. Interestingly, these analogs were also 
the instruments by which pharmacologists were able to re- 
veal the existence of more than one type of adrenergic 
receptor. 

It was R.F! Alquist, in 1948, who first recognized that the 
sensitivity of tissue types to epinephrine, nor-epinephrine 
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Chemical structure of the naturally occurring catacholamines and 
the N-isopropyl analog epinephrine, isoproterenol. 
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and isoproterenol varied. For example, epinephrine and nor- 
epinephrine were very potent in causing responses shown in 
sequence I (Table 1). Isoproterenol was weak. In contrast, 
isoproterenol was very potent in stimulating responses listed 
as sequence I I .  Epinephrine and nor-epinephrine were weak. 
To explain this phenomenon, Alquist proposed the existence 
of different receptors. Those mediating sequence I were 
termed alpha and those mediating sequence I I  were termed 
beta. It is the beta-receptors that are of interest in growth 
promotion. 

Subsequently, Lands, et al. (1967), recognized that a 
further subclassification of beta-receptors was possible. 
They evaluated a series of 15 beta-agonists with respect to 
cardiac stimulation, bronchodialation and vasodialation. Re- 
sults clearly differentiated a group of agonists that had a high 
potency on the heart and a second group with preference for 
bronchodialation and vasodialation. The receptor that medi- 
ates the former was termed Beta, and that which mediates 
the latter is Beta, (Table 1). 

Highly selective beta-antagonists can be used to prove 
the existence of p1 and pp receptor subtypes. An example is 
shown in Figure 2. The IC1 antagonist 89,406 is beta,- 
selective and 118,551 is beta,-selective. In a competition 
assay using membranes from guinea pig heart, IC1-89,406 
was approximately 50 times more effective in displacing the 
non-selective (pl = p,) ligand, 1125-cyanopindolol, than was 
ICI-l18,551, This reflects the preponderence of p,-receptors 
in guinea pig heart. But when the assay is performed with 
membranes from guinea pig lung ( p 2 ) ,  IC1-118,551 is 50 
times more potent than IC1-89,406. 

Classically, the beta-receptor on adipocytes has been 
considered to be beta,. But, recently, Arch et al., 1984, 
described a series of beta-agonists that are selective for 
adipocytes, preferentially causing lipolysis. This raises the 
question, “Is the adipocyte adrenergic receptor distinct from 
that on heart and lung?.” In other words, is there a p3 
receptor associated with fat? 

With respect to development of a beta-agonist growth 
promoter, the fact that different beta-receptors exist is ex- 
tremely important; because this opens the possibility for 
medicinal chemists to design compounds that retain desir- 
able activities while minimizing or eliminating undesirable 
side effects. In this regard it is germane to ask, what is the 
beta-receptor subtype which mediates growth? 

Table 1. Classification of Adrenergic Receptors. 

Sequence Subtype Representative Responses 
I Alpha Vasoconstriction of the uterus 

Excitation of the uterus and ureters 
Dilation of pupil 
Inhibition of the gut 

Adipocyte lipolysis 
Calorigenesis (brown fat) 

Skeletal muscle contraction 
Vascular smooth muscle relaxation 
Uterine relaxation 

II Beta, Increase cardiac rate and force 

Beta, Tracheal and bronchial relaxation 
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Inhibition of cyanopindolol binding to membranes from guinea pig 
heart and lung using selective antagonists 101-89,426 (p,) and ICI- 
118,551 (p2). These antagonists were a gift from Dr. B. Newbould, 
Imperial Chemical Industries, Ltd. 

In an attempt to answer this question, we evaluated a 
series of 18 beta-agonists with respect to their biological 
activity in vitro and their capacity to promote growth and alter 
carcass composition of laboratory rats (unpublished data). 
The strategy was to determine which of the biological re- 
sponses in vitro, representing the various receptor subtypes, 
best correlated with the various growth endpoints. In vitro 
pharmacology included relaxation of the trachea (p,), activa- 
tion of skeletal muscle adenylate cyclase (p2), force of con- 
traction of the atria (p,) and glycerol release from adipose 
tissue (p, or p?). Beta-agonists in the series included pl- 
selective compounds, &-selective compounds and non- 
selective (p, = pp) compounds. 

Body weight gain, muscle weight and reduction in 
epididymal fat weight were significantly correlated with bio- 
logical response of the trachea and skeletal muscle i.e., 
tissues with a predominance of p, receptors. In contrast, the 
correlation between growth responses and force of contrac- 
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tion of the atria (p,) was low and not significant. Interestingly, 
the only in vivo response that correlated with lipolysis was the 
reduction in epididymal fat weight. This may be in keeping 
with a unique beta-receptor on the adipocyte. These data do 
not prove, but are consistent with, the view that the growth 
response to beta-agonists is mediated by the p,-receptor. 
Consequently, designing selective growth-promoting beta- 
agonists with minimum cardiac side effects should be possible. 

Beta-Adrenergic Receptor - 
Biochemistry 

The mechanism by which a beta-agonist induces a 
transmembrane signal to evoke a tissue response has been 
reviewed (Lefkowitz, 1983). A brief review is provided here to 
give the reader a mental picture of the process that is central 
to understanding beta-agonist growth promoters (Figure 3). 
The series of events by which a beta-agonist evokes a tissue 
response is as follows. The agonist binds to a specific beta- 
adrenergic receptor (A) which causes a conformational 
change in the receptor (6). This conformational change 
allows the agonist-receptor complex to bind to the G-protein 
(C) which in turn causes a conformational change in the G- 
protein. This change allows GTP to exchange for GDI? 
Insertion of GTP destabilizes the ternary complex and acti- 
vates the G-protein (D). The GTP-activated G-protein inter- 
acts with adenylate cyclase, forming an active catalytic com- 
plex that converts ATP to CAMP (E). Cyclic AMP mediates 
the biological response of the tissue to the beta-agonist. 
Catalytic activity is terminated by hydrolysis of GTP to GDP (F). 

Growth of Meat Animals - 
Merck Beta-Agonist 

Merck Beta-Agonist 
The Merck growth-promoting beta-agonist has the chemi- 

cal formula 6-amino-cy {[( 1 -methyl-3-phenylpropyl) amino]- 
methyl}-3-pyridine methanol dihydrochloride (Figure 4). Note 

Figure 3 
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Cartoon showing the biochemical steps by which beta-agonlsts 
mediate a transmembrane signal AG =agonist, R = receptor, G = G- 
protein. AC =adenylate cyclase, GDP = guanylate diphosphate, 
GTP = guanylate triphosphate All components are pictured in the 
plasma membrane of a target cell 
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The Merck beta-agonist L-644,969 which is the most potent isomer 
of the racemate L-640,033. 

that this compound has two asymmetric carbon atoms and 
therefore four sterochemical isomers or enantiomers. The 
mixture of enantiomers has the code number L-640,033. 
Resolution of the enantiomers and subsequent biological 
evaluation revealed the R,R isomer, L-644,969, to be the 
most potent compound in the racemate. Experiments which 
demonstrate effects of L-644,969 on growth and carcass 
composition of red meat animals and effects of L-640,033 on 
broiler production are discussed. 

Cattle 
The experiment summarized here was conducted at the 

Irish Institute of Agriculture at Grange in cooperation with Dr. 
A. Moloney. A preliminary account of this experiment has 
been presented (Duquette et al., 1987a). 

Methods. Seventy-two Friesian steers averaging 381 kg 
initial body weight were assigned to one of four treatment 
groups. The steers were individually fed 0, 0.25, 1.00 and 
4.00 ppm L-644,969 during the 12-week finishing period. 
During the experiment, the steers were weighed and individ- 
ual feed consumption recorded biweekly. L-644,969 was 
included in the diet until slaughter. 

Results and Discussion. Feeding L-644,969 at 1 ppm 
resulted in the most pronounced effect on performance 
among doses tested. These results are summarized in Table 
2. There was no effect of L-644,969 on average daily gain or 
final body weight, although the former averaged 17%. But 
efficiency of gain was improved 20%. Weight of carcasses 
from steers fed 1 ppm L-644,969 was heavier than controls 
and there was a marked shift in carcass composition toward 
increased lean. 

Previously, Ricks et al. (1984b) reported effects of feeding 
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Table 2. Growth and Carcass Composition of 
Steers Fed L-644,969 (1PPM) for the Final 

Twelve Weeks of the Finishing Period. 

L-644,969 (pprn) 
Variable 0 1 O/O 

Final body weight (kg) 450 455 1 

Feed efficiency (kgikg) 0.10 0.12 20** 
Carcass weight (kg) 246 269 9.3** 

Gain (kgiday) 0.78 0.91 17 

Trimmed fat ("10) 21 15 -29" 
Meat (%) 60 68 13** 

17 - g** Bone & Connective Tissue (YO) 
"P<.Ol vs control 

steers clenbuterol at 10 or 500 mgiheadiday (approximately 
1 and 50 ppm) for 14 weeks. Clenbuterol at 1 ppm had no 
effect on average daily gain or feed efficiency, whereas 500 
ppm reduced these measures of performance. On the other 
hand, Hanrahan et al., 1986 observed that cimaterol, fed to 
steers at 33 and 49.5 mg/head daily (approximately 3.5 and 
5.0 ppm) for 13 weeks, caused improvements in growth very 
like those we observed for L-644,969, i.e. growth rate in- 
creased (18% and 30%) as did feed efficiency (23% and 
30%). A one-week withdrawal period preceded slaughter in 
that study. 

Similar changes in carcass composition have been report- 
ed for clenbuterol (Ricks et al., 1984b) and cimaterol 
(Hanrahan et al., 1986) although clenbuterol (approx. 1 ppm) 
did not affect carcass weight or dressing percentage. Dress- 
ing percentage was increased 7.0% in steers fed L-644,969 
at 1 ppm. 

Sheep 
Methods. Forty wether and forty ewe crossbred (Hamp- 

shire x Suffolk) lambs were used. Body weight of the lambs 
averaged 33.5 kg at the start of this trial. Treatments were 0, 
0.25, 1 and 4 ppm L-644,969 fed for the final six weeks of the 
finishing period. Medicated feed was not withdrawn prior to 
slaughter. The right half of the carcass was ground and 
representative samples were assayed for moisture, fat and 
protein (AOAC, 1975). A preliminary account of this experi- 
ment was published (Duquette, et al., 1987b). 

Results and Discussion. L-644,969 increased (pc.05) 
final body weight an average of 3.6% and average daily gain 
14.6% when treated groups were compared to the non- 
medicated controls (Table 3). Differences between groups 
fed L-644,969 were not significant. Feed intake was not 
affected by L-644,969 but efficiency of feed utilization in- 
creased (p<.05) in a dose-related manner. 

Documentation of the effect of beta-agonists on growth 
performance of lambs greatly exceeds that of other meat 
animals. The trend over all experiments is consistent. Conse- 
quently, it is reasonable to conclude that beta-agonists, fed at 
1-3 ppm for 6 to 10 weeks of the finishing period, will increase 
rate (10% to 15%) and efficiency of gain (10% to 15%); 
clenbuterol (Baker et al., 1984), cimaterol (Beerman et al., 
1986; Dalrymple et al., 1984b; Hanrahan et al., 1986 and Kim 
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Table 3. Growth of Lambs Fed L-644,969 for the 
Final Six Weeks of the Finishing Period. 

Final Daily 
Treat- Body Daily Feed Feedi 
ment Weight Gain Intake Gain 

0 44.7 ,265 2.20 8.64 
(PPm) kg kg kg kgikg 

- - - -Yo Change From Controls- - - - 
.25 3.8* 15.5* 7.8 - 9.2 

1 .oo 3.6' 14.3 1.8 - 13.7' 
4.00 3.4 13.9 - 3.6 - 18.3'* 

'p<.05 compared to controls 
"p<.Ol compared to controls 

et al., 1986) and L-644,969 (present results and unpublished 
data). In the present experiment, wether and ewe lambs 
responded similarly. In addition, Hanrahan et al. 1986 report- 
ed that cimaterol (approx. 2.5 ppm) increased rate (20%) and 
efficiency (18%) of gain of entire ram lambs. 

L-644,969 markedly influenced carcass composition (Ta- 
ble 4) and changes were quantitatively similar to those 
reported for clenbuterol (Baker et al., 1984) and cimaterol 
(Dalrymple et al., 1984b; Beermann et al., 1986; Hanrahan et 
al., 1986). Carcasses of lambs fed L-644,969 were heavier 
(6% to than those of controls; however, differences were 
not significant (p>.05).Carcass analysis revealed that 1 and 
4 ppm L-644,969 increased percent protein to fat ratio 19% to 
26%. This was reflected in an increase in area of the 
longissimus dorsi muscle and decreased depth of subcuta- 
neous fat at the 12th rib. 

Feeding 1 and 4 ppm L-644,969 also resulted in signifi- 
cant changes in subjective scores estimating carcass confor- 
mation, quality and potential yield. Flank fat streaking and 
firmness of the lean flesh were not affected by L-644,969. 
However, L-644,969 at 1 and 4 ppm improved overall carcass 
conformation and leg conformation. For both conformation 
scores, carcasses from untreated lambs and those fed 0.25 
ppm L-644,969 graded mid- to upper-Choice; those treated 
with 1 ppm, low Prime (p>.Ol) and those treated with 4 ppm, 
mid-Prime (p>.Ol). L-644,969 at 1 and 4 ppm also improved 

Table 4. Carcass Composition of Lambs Fed 
L-644,969 During the Final Six Weeks of the 

Finishing Perioda. 

Areaa 
Carcass Protein/ Longis- BackfaP 

Dose Weight Fat sirnus Muscle Thickness 
PPm (kg) (cm2) (mm) 

Control 24 .58 15 6.9 
- - - -% Change From Control- - - - 

0.25 5.7 1.7 1.3 - 13.5 
1 .oo 8.9 19.3" 6.8 - 19.8 
4.00 8.5 26.3** 13.1" - 42.9** 

aMeasured at the 12th rib 
'pc.05 

"p<.Ol 



40th Reciprocal Meat Conference 51 

yield grade; controls averaged 3.6 and carcasses of lambs 
fed 1 and 4 ppm L-644,969 averaged 3.1 and 2.5. An 
improvement in yield grade of 1 point (3.5 to 2.5) would result 
in an estimated 2% increase in retail cuts from these car- 
casses. Quality grade was increased from mid-Choice to low- 
Prime by 4 ppm L-644,969. Apparent carcass maturity, as 
measured by color of the break joint (Boggs and Merkel, 
1984) was decreased approximately 25% by 1 and 4 ppm L- 
644,969. All lambs used in this experiment were of compara- 
ble age; consequently this decrease in apparent maturity 
must be the result of medication. 

Swine 
Methods. Seventy-two barrows and gilts, averaging 65 kg 

body weight, were allotted to four equal treatment groups in a 
randomized complete-block design. Treatments were 0, .25, 
1 and 4 pprn L-644,969 which was added to the 15% crude 
protein, corn-soybean meal based diet. 

Pigs were weighed and individual feed consumption de- 
termined at 7-day intervals starting on Day 0 and terminating 
on Day 49. Pigs, which were slaughtered on the mornings of 
Day 50 and 51, were maintained on medicated feed until 
slaughter. A preliminary account of this experiment has been 
reported previously (Wallace et al., 1987). 

Results and Discussions. L-644,969 fed at 1 ppm 
caused a marked increase in weight gain during week one 
(23.5%; Figure 5). Thereafter, cumulative weight gain de- 
clined but remained greater (p<.05) than controls through 
week four: Le., averaged 10.8% better than controls. By 
week seven, weight gain was at control levels. Body weight 
gain of pigs fed 4 ppm L-644,969 followed a similar pattern 
although of lesser magnitude, ;.e., a 12% increase during 
week one followed by a linear decline to finish at -8% at 
week seven (data not shown). 

Unfortunately, previous reports of p-agonist effects on 
swine growth have not included the time course of change in 
average daily gain (Jones et al., 1985; Moser et al., 1986). 
Therefore, it is not clear if the pattern of growth reported here 
is unique to L-644,969 or characteristic of beta-agonists 
generally. 

Figure 5 
25 
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Cumulative weight gain and feed efficiency of pigs fed L-644,969 at 1 
ppm during 7 weeks of the finishing period. Values are percent 
change from non-medicated controls. 'P<.05 vs. control. 

If the time course of response to all beta-agonists is as 
described in Figure 5, it is clear that net effect on body weight 
gain could be positive, zero or negative, depending upon 
duration of feeding. This may account for some of the vari- 
ation in the literature, i.e. cimaterol fed at 1 ppm during the 
finishing period had no effect (Jones et al., 1985; Moser et 
al., 1986) or reduced (Dalrymple et al., 1984c) body weight 
gain. 

L-644,969, at 1 and 4 ppm improved (p<.05) feed efficien- 
cy through week six. Data for pigs fed 1 ppm are presented in 
Figure 5. At the end of the trial (week 7), feed efficiency was 
still numerically greater than controls (4.6% and 4.8%) but 
these values were not statistically significant. Control pigs 
averaged 109 kg at the end of the trial. In this regard, it is 
relevant to point out that weight gain and feed efficiency at 
market weight (100 kg; 5 weeks) for pigs fed 1 ppm L- 
644,969, were 8.9% and 9.3% greater (p<.05) than compa- 
rable values for controls. 

Effects of cimaterol on efficiency of feed utilization by 
finishing pigs have varied. For example, Jones et al. (1985) 
observed a 7.7% improvement in feed efficiency that was 
independent of dose over the range 2 5 ,  .5 and 1 ppm. In 
contrast, Dalrymple et al., (1984~) and Moser et al., (1986) 
observed no effect of this compound on feed efficiency. 
Doses of cimaterol used in all three studies were similar and 
the reason for the variation in responses observed is not 
apparent. It is important to determine those variables affect- 
ing response if we are to successfully apply these com- 
pounds as performance improvers for swine. 

In contrast to the variable effects of p-agonists on weight 
gain and feed efficiency, effects on carcass composition of 
pigs are remarkably similar for all p-agonists in all experi- 
ments. L-644,969 did not affect carcass weight, but altered 
carcass composition; increased percent lean and decreased 
fat (Table 5). 

Chemical analysis of the carcass revealed an increase in 
proteinifat ratio that was significant at all doses of L-644,969 
fed. This was reflected in increased percent predicted lean 
and area of the longissimus muscle, which averaged 29% in 

Table 5. Carcass Characteristics of Swine Fed 
L-644,969 During the Finishing Period. 

Values are % Change from Control. 

Dose of L-644,969 (PPM) 
Measure Control 0.25 7.00 4.00 

Weight (kg) 82.9 2.8 1.8 -0.2 
Protein/fat ratioa .37 7.7* 12.2* 15.1' 
Lean ( o / , ) ~  47.5 3.3 7.4* 12.8' 
Area longissimus 

M. (cm2)c 32.3 12.2 14.9' 29.0* 
Fat depth (cm)C 4.5 -5.9 - 15.0' -26.6** 
aRight half of the carcass ground and a 50 g sample analyzed 

bEstimated using the National Pork Producers formula 

CMeasured at the 10th rib 
'pi.05 vs. control 

"pi.01 vs. control 

(AOAC, 1975) 

(NPPC, 1983) 
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pigs fed 4 ppm L-644,969. Depth of subcutaneous fat was 
decreased in pigs fed 1 and 4 ppm relative to that of non- 
medicated controls. In general, changes in carcass composi- 
tion observed with L-644,969 in the present experiment are 
similar to those reported for clenbuterol (Ricks et al., 1984a) 
and cimaterol (Dalrymple et al., 1984c; Jones et al., 1985; 
Moser et al., 1986). 

Degrees of muscling of the carcasses of pigs fed 1 and 4 
ppm L-644,969 were greater (P<.Ol) than those of controls 
(data not shown). Because of the marked effect of p-agonists 
on muscle growth, it was deemed important to ask whether 
meat quality was affected. There was a trend toward de- 
creased marbling (.05<P<.10) in muscle of pigs fed 4 ppm. 
These results contrast with those previously reported for 
cimaterol Le., Moser et al. (1986) reported a linear increase 
over the dose range .25, 5 0  and 1 .OO ppm, whereas Jones 
et al. (1985) observed no significant effect. Similar to results 
reported by those authors, we did not observe an effect on 
color or firmness in loins. Pork carcass grade was also 
increased (.05<P<.lO) for pigs fed L-644,969 (data not 
shown), which confirms earlier studies with clenbuterol and 
cimaterol. In countries where pork is purchased on the basis 
of carcass quality, this feature of improved grade could prove 
to be the most attractive feature of p-agonists for pork 
production. 

Broilers 
Methods. Sex-separated Peterson x Arbor Acre broiler 

chickens were housed in pens of 50 birds each. Treatments 
were assigned as for a 2 x 4 factorial design. Main effects 
were duration of medication (days 1-49 or days 29-49) and 
dose of L-640,033 (0, 0.25, 1 .O and 4.0 ppm). Clenbuterol (1 
ppm) was included as a positive control. There were 200 
males and 200 females per treatment group. At the conclu- 
sion of each experiment, 10 birds were randomly selected 
from each pen, killed, pooled by pen, ground and a 50-gram 
aliquot was analyzed for percent protein and fat (AOAC, 

1980). A preliminary report of these data has appeared 
previously. 

Results and Discussion. Effects of feeding L-640,033 
on growth and carcass composition of broilers are summa- 
rized in Table 6. There was no obvious advantage to feeding 
L-640,033 for the entire growout compared with treatment for 
the last 3 weeks only. In broiler production, feed efficiency is 
the most important measure of productivity. On this basis, L- 
640,033 at 1 ppm was the most effective dose, especially 
when fed for the last three weeks of the growout, i.e. feed 
efficiency improved (p<.Ol) 3.2%. Clenbuterol (1 ppm) did 
not affect rate of gain and improved feed efficiency only when 
fed for the entire growout. In general, carcass protein in- 
creased and carcass fat decreased with increasing dose of L- 
640,033. 

Overall, the trends in both productivity improvements and 
changes in carcass composition are similar to those pre- 
viously reported for clenbuterol (Dalrymple et al., 1984a) and 
cimaterol (Asato et al., 1984). 

Mechanism of Action 
Adipose Tissue 

It is now quite clear that beta-adrenergic agonists de- 
crease total carcass fat in meat-producing animals and labo- 
ratory rodents. Decreased carcass fat may result from de- 
creased fat synthesis, increased fat mobilization or a 
combination of the two. There is an extensive literature that 
establishes a direct role for beta-adrenergic agonists in con- 
trol of lipolysis and lipogenesis (Fain and Garcia-Sainz, 
1983). Binding of beta-agonists to adipocyte beta-receptors 
activates the adenylate cyclase cascade which results in 
phosphorylation (activation) of hormone sensitive lipase 
which catalyzes triglyceride hydrolysis. In addition, increased 
intracellular cyclic-AMP concentrations may inhibit fatty acid 
synthesis by attenuation of key regulatory enzymes. 

Data is available to support the view that direct stimulation 

Table 6. Weight Gain, Feed Efficiency and Carcass Composition 
of Broilers Fed L-640,033. 

WeighP Feed Pep Carcass Carcass 
Dose Period Gain Gain Protein Fat 

Treatment fPPm) (days) (kg) (kgjkg) fkg) fkg) 
Control 1-49 2.05 1.91 0.352 0.275 

Clenbuterol 
L-640,033 
L-640,033 
L-640,033 

Clen buterol 
L-640,033 

1 .oo 1-49 
0.25 1-49 - 

1 .oo 1-49 
4.00 1-49 

- - - -O/O Change from Control- - - - 
0.0 - 1.9' 0.8 - 6.2** 
0.5 - 1.8* 0.9 - 4.5** 
2.7* - 2.0- 1.7 - 6.3** 

- 2.2' - 1.5 2.9** - 9.5*' 

1 .oo 29-49 0.5 -1.4 1.9* - 

0.25 29-49 2.9' - 2.2' 0.4 - 

6.3*' 
4.2** 

L-640,033 1 .oo 29-49 1.7 - 3.2** 2.0' - 7.9** 
L-640,033 4.00 29-49 2.2* -1.3 3.5** - 6.7** 
aData corrected for entire 49-day period. 
'pC.05 compared to control 

*'p<.Ol compared to control 
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of lipid mobilization from adipose tissue may be the major 
common mechanism for reducing body fat content in mam- 
malian species. In addition, energy needed to produce and 
maintain increased lean body mass must also contribute to a 
decrease in energy stored as fat. More difficult to define is 
the role of beta-agonists on lipid synthesis and its contribu- 
tion to reduced carcass fat. 

Non-esterified fatty acids are increased in plasma of 
sheep (Beerman et al., 1986), and swine (Meersman, 1987; 
Meersman et al., 1987) given beta-agonists suggesting in- 
creased lipid mobilization. But, Meersman et al., 1987 have 
cautioned that these effects may not be directly mediated 
because clenbuterol does not induce lipolysis from swine 
adipose tissue in vitro. It is worth noting, however, that 
ractopamine (Merkel et al., 1987) and L-644,969 (Yang - 
unpublished observation) increase lipolysis from swine 
adipose tissue in vitro. 

Several investigators have measured fatty acid synthesis 
or lipogenic enzymes in adipose tissue from beta-agonist 
treated animals. Results have not established a clear defini- 
tion of response. For example, fatty acid synthesis and 
lipogenic enzymes of subcutaneous adipose tissue were 
decreased in cattle fed clenbuterol (Miller et al, 1986; Smith 
et al., 1987) and pigs fed ractopamine (Merkel et al., 1987) 
but were increased in lambs fed cimaterol (Hu et al., 1987). 
Whether inconsistencies are due to species, beta-agonist or 
experimental variables is not clear. For example, there may 
be differences in response of fat from different sources. 
Smith et al. (1987) showed that clenbuterol induced reduc- 
tion of lipogenic capacity of subcutaneous fat but not 
intramuscular and perirenal fat. Cimaterol fed to growing rats 
for four weeks did not alter in vivo fatty acid synthesis in liver 
and white adipose tissues (Eadara et al., 1986, 1987). Simi- 
larly, L-640,033 fed to rats for one week had no effect on 
lipogenic enzymes of the epididymal fat pad but did decrease 
lipogenic capacity of the liver (Yang and Firman, 1986). Thus, 
beta-agonists probably reduce carcass fat in rats by enhanc- 
ing fat mobilization, rather than by inhibiting adipose 
lipogenesis. The absence of anti-lipogenic activity in vivo 
may be explained in part by the observation that low concen- 
trations of L-640,033 or isoproterenol potentiate insulin stim- 
ulated fatty acid synthesis in rat adipocytes. When incubated 
in the absence of insulin, these beta-agonists inhibited 
lipogenesis (Yang and Firman, unpublished observation). 

In broiler chickens, the reduction of body fat by feeding L- 
640,033 is small relative to that observed for mammals (Muir 
et al., 1985). Unlike mammals, lipolysis in chicken adipocytes 
is not sensitive to adrenalin stimulation. (Langslow and 
Hales, 1969) so reduced carcass fat is not likely due to 
lipolysis. In chickens, the liver is the major site for de novo 
fatty acid synthesis (O'Hea and Leveille, 1969) and adrenalin 
has a marked inhibitory effect on hepatic lipogenesis in this 
species (Cramb et al., 1982). 

Muscle 
Perhaps the most consistent metabolic effect of feeding 

beta-agonists to farm and laboratory species is the dramatic 
increase in muscle size. However, the mechanism by which 
beta-agonists exert their effect on muscle mass has not been 
established. This may reflect the difficulty of measuring mus- 

cle protein turnover in vivo and failure to establish an in-vitro 
model that yields repeatable results. 

It is not clear if beta-agonists affect muscle protein metab- 
olism directly via a receptor mediated event, or indirectly via 
other hormonal effectors. In support of a direct effect, there 
are several early reports that beta-agonists reduce protein 
catabolism in rat muscle in vitro (Garber et al., 1976; Li and 
Jefferson, 1977). However, more recent attempts to demon- 
strate direct effects of growth-promoting beta-agonists on 
muscle cells have given inconsistent results. For example, in 
L-6 and L-8 muscle cells with fully functional receptors, beta- 
agonists did not alter protein synthesis or degradation, amino 
acid uptake or DNA synthesis when applied over a wide 
range of concentrations (McElligott et al., 1985). Similar 
results were observed with cimaterol (Roeder et al., 1987). 
However, Fosberg and Merrill(l987) observed a decrease in 
protein degradation in myoblasts of rats exposed to l p m  
cimaterol. This effect was not seen at 10 and 100 pm 
cimaterol and could not be demonstrated in mouse myo- 
blasts. Protein synthesis was not affected in either rat or 
mouse myoblasts. Using chick primary muscle cells, Young 
et al. (1987) observed an increase in accumulation of myosin 
heavy chain when cimaterol was added to the media at 
lO-'M. Apparently, no other concentration of cimaterol had 
a significant effect over the range 

Clearly, results presently in the literature do not allow a 
conclusion regarding direct effects of beta-agonists on mus- 
cle protein metabolism. Definitive conclusions will require in- 
vitro models that allow dose-response effects of beta- 
agonists to be routinely demonstrated. 

Whether stimulation is direct or indirect, rates of muscle 
protein turnover must be altered by growth-promoting beta- 
agonists. Early on, Emery et al. (1984) reported that the 
growth-promoting beta-agonists fenoterol and clenbuterol 
markedly increased fractional protein synthesis rates when 
injected twice daily for six days (killed one hour post-injec- 
tion). But Reeds and his colleagues (1986) observed no 
effect of clenbuterol on muscle protein synthesis when the 
beta-agonist was fed for various times to 21 days. They 
concluded that muscle protein accretion must be due to a 
decrease in protein degradation. The difference in results 
observed by these two groups may be due to mode of 
administration of the beta-agonist. When protein turnover is 
measured in vitro in muscle of rats fed clenbuterol for two 
days, a significant increase in protein synthesis and degrada- 
tion can be demonstrated (Yang et al., 1987). In addition, 
Smith reported at this symposium that beta-agonists in- 
crease amounts of mRNA coding for myosin light chain in 
muscle of steers, suggesting a positive effect on synthesis of 
some muscle proteins. 

Failure to detect an effect on muscle protein synthesis 
coupled with an observed increase in muscle mass has led a 
number of investigators to conclude that beta-agonists must 
reduce protein degradation: rats (Reed et al., 1986); lambs 
(Bohorov et al., 1987) and cattle (Williams et al., 1987). 
Consistent with this view is the observation that clenbuterol 
reduced excretion of 3-methyl histidine in calves (Williams et 
al., 1987). 

Using 3-methyl histidine to estimate muscle protein break- 
down and urinary creatine to estimate muscle mass, these 

to 10-'OM. 
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authors calculated fractional muscle protein degradation of 
clenbuterol-treated calves to be 66% that of control calves. In 
this regard, it is tempting to consider whether the reduction 
(45%) in cathepsin B activity (Forsberg et al., 1987) mea- 
sured in skeletal muscle of cimaterol treated lambs is related 
to reduced muscle protein degradation. 
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